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(57) The present invention relates to a reverse os- such that a flow of a liquid to be supplied to the feed
mosis filter module including an improved feed spacer, spacer is concentrated on a surface of areverse osmosis
and more particularly, to a reverse osmosis filter module membrane to effectively mitigate concentration polariza-
including an improved feed spacer, in which spiral fila- tion.
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Description
[Technical Field]

[0001] This application claims priority to and the benefit of Korean Patent Application No. 10-2016-0124788 filed in
the Korean Intellectual Property Office on September 28, 2016, the entire contents of which are incorporated herein by
reference.

[0002] The presentinvention relates to a reverse osmosis filter module including an improved feed spacer, and more
particularly, to a reverse osmosis filter module including an improved feed spacer, in which spiral filaments are repeatedly
positioned to form the feed spacer, such that a flow of a liquid to be supplied to the feed spacer is concentrated on a
surface of a reverse osmosis membrane to effectively mitigate concentration polarization.

[Background Art]

[0003] The lack of water caused by global warming is getting worse globally, and thus water purification technologies
for ensuring alternative water resources have attracted attention.

[0004] Therefore, a water treatment process, which uses a reverse osmosis membrane which is a key technology for
next-generation water treatment processes that utilize alternative water resources such as seawater desalination, water
recycling, and the like, is expected to dominate industrial water markets.

[0005] Reverse osmosis membrane permeable water made by the reverse osmosis membrane becomes pure water
or water very close to pure water, and used in various fields such as fields related to medical sterile water, purified water
for artificial dialysis, or water for manufacturing semiconductors in an electronic field.

[0006] Here, the reverse osmosis refers to a phenomenon in which a predetermined difference in water level occurs
while a solution with low concentration is moved to a solution with high concentration when a predetermined period of
time has passed after the two solutions having a difference in concentration are separated by a semipermeable mem-
brane. In addition, a difference in water level occurring during this process refers to reverse osmotic pressure. An
apparatus, which purifies water by allowing only water molecules to pass through the semipermeable membrane by
using this principle, is referred to as a reverse osmosis facility, and the semipermeable membrane used for the reverse
osmosis facility is a reverse osmosis filter module.

[0007] The reverse osmosis filter module includes a central tube, a feed spacer, a reverse osmosis (RO) membrane,
and a tricot filtration channel.

[0008] Among the components, the feed spacer serves as a passageway through which raw water is introduced.
Differential pressure occurs as a flow of raw water is hindered by the feed spacer when the raw water is introduced
through the feed spacer, which results in an increase in energy costs, and as a result, the lower the differential pressure,
the greater the efficiency of the reverse osmosis filter module.

[0009] Meanwhile, concentration polarization inevitably occurs in the vicinity of the reverse osmosis membrane due
to a water permeation flux, and as the concentration polarization becomes worse, the osmotic pressure is increased in
the vicinity of the reverse osmosis membrane, such that water permeability deteriorates.

[0010] In this regard, there is a need for a feed spacer capable of improving efficiency of a reverse osmosis filter
module by reducing the occurrence of differential pressure and mitigating concentration polarization.

[Detailed Description of the Invention]
[Technical Problem]

[0011] The present invention has been contrived to solve the aforementioned problems, and an object of the present
invention is to provide a reverse osmosis filter module in which spiral filaments are repeatedly positioned to form a feed
spacer in order to reduce differential pressure by increasing a cross-sectional area of a flow path, and concentrate a
flow of a vortex of raw water on a surface of a reverse osmosis membrane.

[Technical Solution]

[0012] A reverse osmosis filter module according to the present invention includes: a tube which includes an opening
that accommodates a permeable liquid in a longitudinal direction; one or more reverse osmosis membranes which
extends outward from the tube and are wound around the tube; and a feed spacer which is in contact with the one or
more reverse osmosis membranes and wound around the tube, in which the feed spacer is formed by repeatedly
positioning spiral filaments.

[0013] The feed spacer may be formed as a single filament is provided to reciprocate between one side and the other
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side on a plane.

[0014] The filament may have a diameter of 0.2 to 0.5 mm.

[0015] The filament may have a pitch of 780 to 3,120 pm.

[0016] The filament may be formed by extrusion molding.

[0017] In the reverse osmosis filter module, a vortex of a liquid being supplied to the feed spacer may be formed at
upper and lower sides of the filament.

[Advantageous Effects]

[0018] According to the present invention, the spiral filaments are repeatedly positioned to form the feed spacer, and
as a result, it is possible to reduce differential pressure by increasing a cross-sectional area of a flow path, and mitigate
concentration polarization by concentrating a vortex of raw water on a surface of a reverse osmosis membrane.
[0019] In addition, with the aforementioned effect, it is possible to further improve efficiency of the reverse osmosis
filter module.

[Brief Description of Drawings]
[0020]

FIG. 1 is a perspective view of a reverse osmosis filter module for a water treatment according to an exemplary
embodiment of the present invention.

FIG. 2 is a perspective view of a feed spacer used for the reverse osmosis filter module for a water treatment
according to the exemplary embodiment of the present invention.

FIG. 3 is a perspective view of a filament used for the reverse osmosis filter module for a water treatment according
to the exemplary embodiment of the present invention.

[Best Mode]

[0021] Hereinafter, the present invention will be described in detail with reference to the accompanying drawings.
Here, repeated descriptions, and detailed descriptions of publicly known functions and configurations will be omitted so
as to avoid unnecessarily obscuring the subject matter of the present invention. The exemplary embodiments of the
present invention are provided to completely explain the present invention to a person with ordinary skill in the art.
Therefore, shapes and sizes of elements illustrated in the drawings may be exaggerated for a more apparent description.
[0022] Unless explicitly described to the contrary, the word "comprise" or "include" and variations, such as "comprises",
"comprising", "includes" or "including”, will be understood to imply the inclusion of stated constituent elements but not
the exclusion of any other constituent elements.

[0023] Hereinafter, preferred Examples for helping the understanding of the present invention will be suggested.
However, the following Examples are provided just for more easily understanding the present invention, and the scope
of the present invention is not limited by the Examples.

<Reverse Osmosis Filter Module>

[0024] FIG. 1 is a perspective view of a reverse osmosis filter module 100 for a water treatment according to an
exemplary embodiment of the present invention, FIG. 2 is a perspective view of a feed spacer 20 used for the reverse
osmosis filter module 100 for a water treatment according to the exemplary embodiment of the present invention, and
FIG. 3 is a perspective view of a filament 21 used for the reverse osmosis filter module 100 for a water treatment according
to the exemplary embodiment of the present invention.

[0025] Hereinafter, the reverse osmosis filter module 100 for a water treatment according to the exemplary embodiment
of the present invention will be specifically described with reference to FIGS. 1 to 3.

[0026] The reverse osmosis filter module 100 is a constituent element of a membrane separation device that serves
to purify actually supplied water by using the reverse osmosis principle.

[0027] Referring to FIG. 1, the reverse osmosis filter module 100 may include reverse osmosis membranes 10, the
feed spacer 20, a tricot filtration channel 30, and a tube 40 having an opening (not illustrated) for accommodating a
permeable liquid in a longitudinal direction. Although not illustrated in the drawings, the reverse osmosis filter module
100 may further include a pair of anti-telescoping devices, but a specific description thereof will be omitted.

[0028] Theoneormorereverse osmosis membranes 10 serve tofilter the water to remove foreign substances contained
in the water by using the osmosis, and also serve as flow paths through which purified water effectively flows.

[0029] The one or more reverse osmosis membranes 10 extend outward from the tube 40 and are wound around the
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tube 40.

[0030] The feed spacer 20 forms a passageway through which raw water is introduced from the outside, and serves
to maintain an interval between one reverse osmosis membrane 10 and the other reverse osmosis membrane 10. To
this end, upper and lower sides of the feed spacer 20 are in contact with the one or more reverse osmosis membranes
10, and the feed spacer 20 is configured to be wound around the tube 40, similar to the one or more reverse osmosis
membranes 10.

[0031] Here, a material of the feed spacer 20 is not particularly limited, but the feed spacer 20 may be made of any
one of polyethylene, polyvinyl chloride, polyester, and polypropylene.

[0032] Meanwhile, a specific configuration of the feed spacer 20 will be described below.

[0033] The tricot filtration channel 30 generally has a fabric structure, and serves as a flow path for forming a space
through which the water purified by the reverse osmosis membrane 10 may flow to the outside.

[0034] In this case, the tricot filtration channel 30 generally has a fabric structure, and serves as a flow path for forming
a space through which the water purified by the reverse osmosis membrane 10 may flow to the outside.

[0035] The tube 40 is positioned at a center of the reverse osmosis filter module 100 for a water treatment, and serves
as a passageway through which the filtered water is introduced and discharged.

[0036] To this end, a pore (or opening) having a predetermined size may be formed outside the tube 40 so that the
filtered water may be introduced. In this case, one or more pores may be formed so that the filtered water may be more
efficiently introduced.

[0037] Meanwhile, the feed spacer 20 according to the exemplary embodiment of the present invention may be formed
as the spiral filaments 21 are repeatedly positioned. Further, the feed spacer 20 may be formed as the single filament
21 is provided to reciprocate between one side and the other side on a plane. For example, the spiral filament 21 is

extruded by extrusion molding, and the extruded filament 21 is repeatedly folded in a 'Z’ or’ &’ shape, and as a result,
the feed spacer 20 may be formed on a two-dimensional plane. In addition, the feed spacer 20 may be formed by
manufacturing the multiple spiral filaments 21 by extrusion molding, arranging the multiple filaments 21 in parallel, and
bonding connecting portions (not illustrated) to one side and the other side of each of the arranged filaments 21 to fix
the filaments 21. Here, the connecting portions and the filaments 21 may be bonded together in a zigzag manner by
positioning the connecting portions at one side of a first filament and one side of a second filament and positioning the
connecting portions at the other side of the second filament and the other side of a third filament. In addition, the
connecting portion may be formed by extrusion molding.

[0038] Multiple circular flow paths are formed by the spiral shape of the filament 21, a diameter of the circular flow
path may be 0.2 to 0.5 mm, and particularly, a diameter of the flow path may be 0.47 mm. If the diameter of the flow
path is equal to or smaller than 0.2 mm, a flow of raw water is hindered when the raw water is introduced, such that
differential pressure may be increased, and if the diameter of the flow path is equal to or greater than 0.5 mm, no vortex
is formed in the feed spacer 20, such that concentration polarization occurs, and as a result, there may be a problem in
that osmotic pressure is increased on a surface of the reverse osmosis membrane 10 and water permeability of the
reverse osmosis filter module 100 deteriorates.

[0039] Inaddition, the filament 21 may have a pitch of 780 to 3,120 um, and the pitch is a distance between the multiple
circular flow paths formed by the spiral shape, and if the pitch is smaller than 780 uwm, the filament 21 hinders a flow of
the raw water, such that the differential pressure is increased, and as a result, there may be a problem in that energy
costs may be increased, and if the pitch is greater than 3,120 um, there may be a problem in that a sufficient flow of a
vortex cannot be formed.

[0040] With this configuration, in the case of the feed spacer 20 according to the present invention, the filaments 21
are extruded in a spiral shape and repeatedly positioned on the two-dimensional plane, such that a vortex of the raw
water being supplied to the feed spacer 20 is concentrated on upper and lower portions of the filaments 21, and as a
result, it is possible to reduce differential pressure and efficiently mitigate concentration polarization by concentrating
the vortex on the surface of the reverse osmosis membrane 10.

<Experimental Example>

[0041] Feed spacers in the related art and the feed spacer 20 according to the exemplary embodiment of the present
invention, which are used for a reverse osmosis filter module, were compared in terms of differential pressure AP[Pa]
and a performance of an average mass fraction of salt on the surface of the membrane.

[0042] To this end, three feed spacers in the related art and four feed spacers according to the exemplary embodiment
of the present invention were compared in terms of the differential pressure and the performance of the average mass
fraction of salt on the surface of the membrane in a state in which values of pitches L1 of the feed spacers vary while
the other conditions are equally maintained, and the results are shown in Table 1. The experiment region is as follows.
* Width X Length X Height (Thickness): 7.75 mm X 15.55 mm X 0.47 mm
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* Inlet Velocity: 0.3 m/s

[Table 1]
Pitch AP[Pa] | Average Mass Fraction of Salt on Surface of Membrane
Comparative Example 1 | 2,750 pm 1032 0.0332
Comparative Example 2 | 5,000 pm 730 0.0335
Comparative Example 3 | 1,500 pm 1705 0.0332
Example 1 1,560 um 682 0.0329
Example 2 780 pm 1131 0.0329
Example 3 1,984 um 538 0.0331
Example 4 3,120 pm 379 0.0333

[0043] As described above, Comparative Examples 1 to 3 use a feed spacer in which two filaments intersect each
other to form a flow path, Comparative Example 1 uses a feed spacer having a lattice length of 2,750 wm, Comparative
Example 2 uses a feed spacer having a lattice length of 5,000 wm, and Comparative Example 3 uses a feed spacer
having a lattice length of 1,500 um. Examples 1 to 4 use the feed spacer 20 according to the present invention, Example
1 uses a feed spacer having a spiral filament in which an interval between flow paths, that is, a pitch is 1,560 um,
Example 2 uses a feed spacer having a spiral filament with a pitch of 780 wum, Example 3 uses a feed spacer having a
spiral filament with a pitch of 1,984 um, and Example 4 uses a feed spacer having a spiral filament with a pitch of 3,120 pm.
[0044] Referringto Table 1, Comparative Example 1 shows that differential pressure is 1,032 Pa and an average mass
fraction of salt on a surface of a membrane is 0.0332, Comparative Example 2 shows that differential pressure is 730
Pa and an average mass fraction of salt on a surface of a membrane is 0.0335, and Comparative Example 3 shows that
differential pressure is 1,705 Pa and an average mass fraction of salt on a surface of a membrane is 0.0332. Further, it
can be seen that Example 1 shows that differential pressure is 682 Pa and an average mass fraction of salt on a surface
of a membrane is 0.0329, Example 2 shows that differential pressure is 1,131 Pa and an average mass fraction of salt
on a surface of a membrane is 0.0329, Example 3 shows that differential pressure is 538 Pa and an average mass
fraction of salt on a surface of a membrane is 0.0331, and Example 4 shows that differential pressure is 379 Pa and an
average mass fraction of salt on a surface of a membrane is 0.0333.

[0045] In this case, considering that the structure becomes more advantageous in terms of a flow as the differential
pressure becomes lower, it has been confirmed that Examples 1 to 4 using the feed spacer according to the present
invention have lower differential pressure than Comparative Examples 1 to 3, such that the flow is smooth, and Examples
1 to 4 are advantageous in ensuring the flow path. In more detail, when comparing Comparative Example 1 and Example
4, Comparative Example 1 shows that the average mass fraction of salt on the surface of the membrane is 0.0332, and
Example 4 shows that the average mass fraction of salt on the surface of the membrane is 0.0333, and as a result,
Comparative Example 1 and Example 4 have similar numerical values, however, it has been confirmed that Comparative
Example 1 shows that the differential pressure is 1,032, and Example 4 shows that the differential pressure is 379, and
as a result, Example 4 has significantly lower differential pressure than Comparative Example 1. Therefore, it can be
determined that a flow is smoother in a feed spacer having a spiral filament than in a feed spacer having a lattice pattern
in a case in which the feed spacers have the same average mass fraction of salt on the surface of the membrane.
[0046] In addition, considering that the concentration polarization is mitigated well as the vortex is concentrated on
the surface of the membrane, it has been confirmed that Examples 1 to 4 using the feed spacer according to the present
invention concentrate the vortex on the surface of the membrane, and a flow of salt becomes smooth in the vicinity of
the reverse osmosis membrane. That is, when comparing Comparative Example 3 and Example 1, the feed spacer, in
which the filament has a spiral shape and thus the spiral flow path is formed, has lower differential pressure and a lower
average mass fraction of salt on the surface of the membrane in a case in which Comparative Example 3 and Example
1 have similar intervals between the flow paths, and therefore, the feed spacer having the spiral filament may allow the
raw water to smoothly flow in the flow path and may allow the vortex, which is formed in the feed spacer, to be concentrated
on the reverse osmosis membranes positioned at upper and lower sides of the feed spacer, thereby allowing salt to
smoothly move through the reverse osmosis membranes.

[0047] Consequently, based on the aforementioned situations, it can be seen that the feed spacer according to the
present invention minimizes the differential pressure by changing shapes of the filaments (or strands) having the same
maximum and minimum diameters, and reduces the average mass fraction of salt on the surface of the membrane by
concentrating a degree of occurrence of a vortex on the surface of the reverse osmosis membrane, thereby improving
a performance of the reverse osmosis filter module.



10

15

20

25

30

35

40

45

50

55

EP 3 415 224 A1

[0048] While the exemplary embodiments of the present invention have been described above, it may be understood
by those skilled in the art that the present invention may be variously modified and changed without departing from the
spirit and scope of the present invention disclosed in the claims.
Claims
1. Areverse osmosis filter module comprising:

a tube which includes an opening that accommodates a permeable liquid in a longitudinal direction;

one or more reverse osmosis membranes which extends outward from the tube and are wound around the

tube; and

afeed spacer which is in contact with the one or more reverse osmosis membranes and wound around the tube,

wherein the feed spacer is formed by repeatedly positioning spiral filaments.

2. The reverse osmosis filter module of claim 1, wherein the feed spacer is formed as a single filament is provided to
reciprocate between one side and the other side on a plane.

3. The reverse osmosis filter module of claim 1, wherein the filament has a diameter of 0.2 to 0.5 mm.
4. The reverse osmosis filter module of claim 1, wherein the filament has a pitch of 780 to 3,120 um.
5. The reverse osmosis filter module of claim 1, wherein the filament is formed by extrusion molding.

6. The reverse osmosis filter module of claim 1, wherein in the reverse osmosis filter module, a vortex of a liquid being
supplied to the feed spacer is formed at upper and lower sides of the filament.
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